The comparative breeding evaluation was carried out with six advanced pepper lines (Capsicum annuum L.) with androgenic origin and their initial pepper variety Hebar during the period 2008 -2010 in field conditions at Plovdiv, Bulgaria. The genotypes were characterized by total and standard yield, plant height and fruit traits: length, width, wall thickness and weight. The response of two lines (4 and 6) and control variety to the Verticillium wilt was also investigated on artificial infected background. According to the results of the experimental work standard and total yield in all androgenic lines were higher compared to the initial variety but significant differences were established only for lines 1, 2, 4 and 6. Line 6 was characterized with the highest standard yield (4009 kg/da) followed by line 2 (3829 kg/da). They exceeded variety Hebar with 42.26% and 35.89%, respectively. Line 2 formed the heaviest (61.31 g) and longer (11.24 cm) fruits than most studied genotypes. Anther-derived lines were also with a good uniformity by studied traits. In line 6 was registered lower index of infestation by Verticillium dahliae Kleb. than the control during the investigated period. These perspective lines will be included as valuable genetic resources for future pepper breeding programs for development of new varieties.
INTRODUCTION
Capsicum annuum L. is widely cultivated and economically important vegetable species. Genetic improvement of pepper germplasm can be achieved in short time by biotechnology approach which significantly reduced the breeding process (KOTHARI et al., 2010) .
During the last years the interest to study in vitro pepper anther are extended. However the efficiency of the process depends on several factors as genotype, stage of microspores development, conditions of cultivation etc. (KOLEVA-GUDEVA et al., 2007; SUPENA et al., 2011; NIKLAS-NOWAK et al., 2012; PARRA-VEGA et al., 2013) . Nevertheless the difficulties by anther culture were obtained pepper lines possessed traits such as high productivity, disease resistance, fruit quality ets. (HWANG et al., 1998; ARNEDO ANDRES et al., 2004; SHRESTHA et al., 2010) . The genetic homogeneity of anther-derived lines can be determined on the basis of analysis of plant and fruit traits in successive generations (SUPENA et al., 2006; KISIAŁA et al., 2011) . Great variation between anther-derived plants and original cultivars based on the morphological and biochemical characteristics was established (SHRESTHA et al., 2011) . A detailed study was carried out for fruit and seed characterization of androgenic pepper lines to sort out the genotypes with valuable parameters (KOLEVA-GUDEVA & TRAJKOVA, 2012) .
The purpose of this study was to be performed a breeding evaluation of the advanced androgenic pepper lines by economical and morphological traits.
MATERIALS AND METHODS
The experimental work was carried out in open field conditions in the Maritsa Vegetable Crops Research Institute, Plovdiv, Bulgaria during the period 2008 -2010. Six advanced pepper lines obtained by anther culture and original variety Hebar (Capsicum annuum L.) were studied. The sowing was conducted in the end of March in non heated glasshouse. In the middle of May the seedlings were transplanted in alluvial-meadow soil by block method in two replications with 20 plants in each on furrow surface by 70/15 cm scheme. The plants were grown according to the adopted technology for mid-early field production. Тhe fruits were harvested before the ripening stage. The total and standard yield (kg/da) was determined. The breeding evaluation also included analyzing of plant height (cm), fruit length (cm), fruit width (cm), fruit wall thickness (mm) and average fruit weight (g). These morphological traits were investigated on 20 randomized plants and fruits (10 per replication) for each genotype at plant maturity stage and fruit intermediate stage (IPGR, AVRDC & CATIE, 1995) .
During the three-year period two androgenic lines -4 and 6 were tested together with initial variety Hebar to causal agent of Verticillium wilt. Ten plants from each genotype were transplanted in artificial infection background. In this special trial field an infection which consisted of a mixture of six selected isolates of Verticillium dahliae Kleb. from the collection of the Institute annually was imported over the past 25 years. The disease was assessed at the end of August using an empiric evaluation scale of five rates (0-4) and its severity was calculated by McKinney's index (i, %).
The obtained data were processed using analysis of variance (ANOVA) and the significance of differences compared to the control variety was verified with LSD test. The uniformity of each line was determined by coefficient of variation (CV, %). On the basis of yield (total and standard) and morphological traits the hierarchical cluster analysis of the studied genotypes was performed by Ward's method (WARD, 1963) .
RESULTS
The experimental results showed that total and standard yields were higher in all tested androgenic lines compared to initial variety Hebar (Table 1) . They exceeded the control by standard yield from 11.02% for line 3 to 42.26% for line 6. The highest value of standard yield was established in androgenic line 6 (4009 kg/da) followed by line 2 (3829 kg/da). These lines were with statistical significant differences by standard and total yield compared to the variety Hebar both for the data average for the period and for the data of each experimental year. In lines 1 and 4 also had proven higher values than Hebar by these traits. The higher values of total and standard yield were obtained in lines 3 and 5 compared to variety Hebar but without statistical differences. The highest yield in all lines was recorded in 2009, which probably due to the suitable meteorological conditions during the vegetative period. The results showed that all systematic sources of variation (genotype, year of growing and interaction genotype x year) affected the total and standard yield in anther-derived lines (Table 2) . Nevertheless it was established that the effect of the genotype dominated (52.36% and 44.72%, respectively) over the year of growing (27.69% and 29.85%, respectively). The differences in the years were dependent mainly from meteorological conditions (Fig. 1) . It was established different quantity of rainfalls which were somewhat balanced from appropriate irrigations.
Studied androgenic lines were with slightly variation (below 10%) by total and standard yield average for the period (Fig. 2) . Line 2 combined high values with good uniformity by standard and total yield.
The plants of the androgenic lines were higher than these of the variety Hebar in all experimental period, but only two lines -2 (82.40 cm) and 4 (79.08 cm) were with significant differences by this character (Table 3) . The fruit traits -length, width, weight and wall thickness are important for farmers, processing companies and consumers. The most of the investigated lines were characterized with uniformity and higher values of the studied fruit traits than initial variety (Table 4a , b). The studied lines did not significant differ from control by fruit width and fruit wall thickness. Proven differences compared to the control were found only by fruit length for lines 2 and 3 and by fruit weight for 2, 3 and 6. Line 3 formed the longest (11.34 cm) fruits and 2 -the heaviest ones (61.31 g).
The obtained data of two-way ANOVA for studied morphological traits showed that variability in plant height, fruit length and fruit weight was determined by the proven effect of all sources while phenotype manifestation of fruit width and fruit wall thickness -only of the year (Table 5a ,b). The influence of the year in all investigated morphological traits was from 16.32% for the fruit wall thickness to 85.46% for the fruit length. This is probably due to the common origin of all studied lines.
The most productive lines 2 and 6 were characterized with fruits length 11.24 cm and 10.69 cm, respectively; width -4.05 cm and 4.11 cm; wall thickness -3.76 mm and 3.97 mm, and weight -61.31 g and 60.41 g.
The six androgenic lines and initial variety Hebar were distributed into four clusters according to their genetic distance (Fig. 3) . Cluster I consisted of two lines (2 and 6), which characterized with the highest values of productive parameters -standard yield, total yield and fruit weight. Cluster II included only line 3. Cluster III comprised three lines (1, 4 and 5). Variety Hebar was the most genetic distant from other lines and therefore formed cluster IV. These data proved that there were differences by studied traits as well as among obtained androgenic lines as between them and initial variety. The Verticillium wilt is economically important among the whole complex of pepper diseases. Androgenic lines 4 and 6 showed lower index (26.94% and 23.13%, respectively) than initial variety Hebar (35.84%) to infestation by Verticillium dahliae Kleb. (Fig. 4) . The lowest value of index was recorded in line 6 in 2010 (i=16.07%) while the highest one was determined in Hebar in 2008 (i=43.18%). DISCUSSION In recent years, androgenic lines have been successfully used to improve breeding programs in many agricultural species including pepper. Except for the total and standard yield, the fruit traits as length, width, wall thickness and weight are most important in the evaluation of the obtained genotypes .
As a result of this study it was found that all anther-derived lines were with higher values of standard and total yield, plant height, fruit length and weight compared to the initial variety Hebar. It is worth noting that lines 2 and 6 demonstrated proven higher standard and total yield combined with higher average fruit weight. They exceeded initial variety by standard yield with 35.89% and 42.26%, respectively. The fruits of line 2 were longer than these of Hebar. They were also characterized with phenotype homogeneity by studied traits which reflect a high level of homozygosity. OLSZEWSKA et al. (2010) determined good uniformity in three antherderived lines on the base of morphological assessment. Differences by plant and fruit traits between anther-derived genotypes and the initial variety in the field conditions were established by GROZEVA et al. (2009) . Better fruit characteristics in androgenic lines than original varieties in plastic tunnel conditions were reported (KOLEVA-GUDEVA & TRAJKOVA, 2012). The authors concluded that collected material well lead to creation of new and improved pepper genotypes.
The estimation of the obtained advanced anther-derived lines by plant, fruit and yield traits and response to different diseases is a base to identification of genetic resources for development of new varieties with appropriate characteristics (NERVO et al., 1995; . The variety Hebar was created as possessing field resistance to Verticillium wilt (TODOROV & TODOROVA, 2002) . According to the works of MASHEVA & TODOROVA (2012) recorded 38.17% index of infestation in artificial infection background. It is confirmed by the result in this study (i=35.84%). The assessment on the answer of investigated genotypes to Verticillium dahliae Kleb. determined androgenic line 6 with lower index of infestation and reveals higher level of resistance than the initial variety. Line 6 demonstrated a lower level of susceptibility compared to control variety as well as average for the period as for each experimental year. The plants of this line were characterized with high productivity, improved fruit traits and low susceptibility to Verticillium wilt.
Both androgenic lines 2 and 6 could be used directly in practice and also as initial material for future pepper hybridization programs. The results of this study demonstrated the advantage of in vitro anther culture in pepper for enrichment of diversity and development of valuable pure lines with much less time and resources necessary for the conventional breeding process.
